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(54) Flame retardant polyamide polyphenylene ether compositions 

(57) The invention is directed lo a polymer composi" 
lion comprising: 



a) a t^end comprising at least one polyamide and at 
!east one polyphenylene ether: 

b) at least one polymeric si^oxane compound; and 

c) at least one boron compound., 
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Description 

This invention relates to nove! poiyamide-poSyphenyiene ether compositions 

Polymer blends which contain polyamide and polyphenylene ethers (PPE) constitute an invaluable class of engi- 
5 neering thermoplastic resins Resins of polyphenylene ethers are characterized by a unique combination of chemical, 
physical and electrical properties For instance, they are resistant to many solvents and generally display high impact 
strengttis. As a result of this unique combination of properties, resins of polyphenylene ethers are suitable for a broad 
range of commercial appHcations. 

Efforts have been made to prepare polymer blends which, while retaining their characterislic hydrolyttc stability. 
10 dimensional stability and dielectric properties, have higher heat deflection temperatures Particularly, there is a demand 
for immiscible blends, like polyamide blends, which possess increased heat deflection properties since they are, for 
instance, conventionally used in parts exposed to high temperatures in the automotive irdustry 

While thermoplastic resins and blends possess the above-described advantageous properties, they, like many other 
organic polymeric materials, are particularly desired when they possess flame retardant properties, 
15 it is of increasing interest to prepare thernroplastic resins and blends prepared therefrom that are fire resistant Such 
preparation convenlionally employs adding flame retardant additives to the polymer/blend . However, blends comprising 
said flame retardant additives are invariably environmentally unfriendly 

In addition thereto, the incfuslon of fire retardant additives usually unfluences the mechanical properties (impact 
resistance; heat resistance) negatively 
20 The instant invention, therefore, ts directed to novel polymer compositions that display superior flame retardant 
properties. 

Efforts have been made to prepare polyamide-PPE compositions that possess flame retardant properties In U S 
Patent 4,866,144, self-extinguishing theroplastJC polyphenylene ether/polyamlde molding materials are disclosed Said 
materials comprise triazine compounds such as cyanuric acid, cyanuric acid derivatives and mixtures thereof and pref- 
25 erably melan^ne and/or melamine cyanurale as flame proofing agents 

Other investigators have focused their attention on polyamide blends in order to improve flame retardancy European 
Patents 04361 36 and 0129825 describe blends of poiyphenylerte ethers and polyamides comprising phosphorus con- 
taining compounds in order to enhance flame retardant properties 

Still others, such as those described in European Patent 03691 69, have revealed polymer compositions comprising 
50 polysiloxanes, polyamides and polyphenylene ethers having flame retardant properties. 

the instant invention is based on the observations that polyamide-PPE compositions comprising boron compounds 
and polyslioxane compounds unexpectedly display flame retardant properties and good heat resislances Moreover, the 
Instant polyamide-PPE compositions do not contain" halogens and red phosphorus- 

Accordlngiy the invention is directed to novel polyamide-PPE compositions that unexpectedly display flame retardant 
35 properties and improved heat resistances, said composition comprising: 

a) a blend comprising at least one polyamide and at least one polyphenylene ether; 

b) at least one polymeric siloxane compound; and 

c) at least one boron compound 

40 

In the instant invention, flame retardant properties mean that UL-94 is V-O or V-1 at 1 6 mm and improved heat 
resistance mean a Vicat of greater than about 200^*0. wherein the Vicat temperature the softening temperature at which 
a plastic slarts to soften as specified according to ISO 306 

The prese nt invention is based on ihe surprising discovery, that the use of a polymeric siloxane compound, preferably 
45 polyslioxane. in combination with boron compounds provides an improved flame retardant action in poiyamide-polypbe- 
nylene ether blends More in particular it is important that the negative influence of those compounds on the mechanical 
properties, such as impact resistance (IZOD) and heat resistance (Vicat) is relatively low. especially in comparison to 
the other environmentally friendly flame retardant adctilives. 

According to the present invention the polymer composition comprises as main components the PA-PPE blend, 
50 poly siloxane, at least one boron compound, and as optional components inorganic phosphate and titanium oxide. The 
use of organic based phosphorous compounds {such as organic phosphate and phosDhine oxides) is not precluded in 
relation to the present invention, however. In view of their negative influence on the Vicat tenperature they are not 
recommend ed^ 

The polyphenylene ethers employed In the instant invention are typically prepared by the oxidative coupling of at 
55 least one monohydroxyaromatic compound such as S.B-xylenol or 2,3.5-trimethylphenol Catalyst systems are generally 
employed for such coupling; they typically contain at least one heavy metal conpound such as a copper, manganese 
or cobalt compound, usually in combination with various other materials, 

Furthermore, polyphenylene ethers suitable for use in tine practice of the present invention may be prepared by any 
of a number of processes ulilizing precursor corresponding phenols or derivatives thereof. Examples for Uieir productbn 
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are disclosed in U S. Patents 3,306,874; 3.306,875; 3.257,357; 3.257.3S8; 3,337,501 ; and 3»7a7,361, alf incorporated 
herein by reference 

Additional useful polyphenylene ethers are those which comprise molecules having at least one aminpalkyl-con- 
taining end group , The amlnoaikyl radical Is typically located In an ortho posttion to the hydroxygroup. Products containing 

5 such end groups may be obtained by incorporating an appropriate primary or secondary monoamine such as dhn- 
butyiamine ordimethyiamine as one of the constituents of the oxidative coupling reaction mixture. Also frequently present 
are 4- hydroxybl phenyl end groups, typically obtained from reaction mixtures In which a by-product diphenoquinone Is 
present, especrally in a copper-halide-secondafy or tertiary amine system A proportion of Uie polymer molecules may 
contain at least one of said amtnoaikyl-conlatning and 4-hydroxybiphenyl end groups 

70 The polyamides employed in the instant invention are obtained, for instance, by polymerizing a monoamine-mono- 

carboxylic acid; or a lactam thereof having at least 2 carbon atoms between the amino and carboxylic acid group or by 
polymerizing substantially equimolar proportions of a diamine which contains at least 2 carbcwi atom amino groups and 
a dicarboxylic acid; or by polymerizing a monoaminocarboxylic acid or a lactam thereof as defined hereinabove together 
with substantially equimolar proportions of a diamine and a dicarboxylic acid The dicarboxyljc acid in the form of a 

IS functional derivative thereof; for example, an ester or acid chloride. 

The term "substantially equimolecular" proportions (of the diamine and of the dicarboxylic acid) is used to cover 
both strict equimolecular proportions and slight departures therefrom which are involved in conventional techniques for 
stabilizing the viscosity of the resultant polyamides 

Examples of the aforementioned monoaminomonocarboxylic acids or lactams thereof which are useful in preparing 

20 the polyamides include those compounds containing from 2 to 16 carbon atoms between the amino and carboxylic acid 
groups, said caibon atoms forming a ring with the -GO-HH-group in the case of a lactam As particular examples of 
aminocarboxylic acids and lactams there may be mentioned aminocaproic acid, butyrolactam, pivalolactam, caprol- 
actam. capryl-'lactam, enantholactam, undecanolactam, dodecanoladam and 3- and 4-aminobenzoic acids 

Diamines suitable for use in the preparation of the polyamides include straight chain and branched, alkyl. aryl and 

25 alkyl-aryl diamines. Such diamines include, for example, those represented by the general formula I 

H2N(CH2)nNH2 I 

wherein n is an integer of from 2 to 16, such as trimethylene diamine, tetramethylene diamine, pentamethylene diamine, 
30 octamethyiene diamine and especially hexamethylene diamine, as well as trimethyl hexamethylene diamine, meta-phe- 
nylene diamine, meta-xylene diamine and the like.. 

The dicarboxylic acids may be aiomatlc. foi example, isophlhalic and terephthalicadds. Preferred dicarboxylic adds 
are of the formula II 

55 HOOC-Y-COOH II 

wherein Y represents a divalent aliphatic group containing at least 2 carbon atoms, and examples of such acids are 
sebacic acid, ocladecanedoic acid, suberic acid, glutaric acid; pimelic acid and adipic acid 

Typical examples of polyamides (Nylons) uselul In the instant polyamide compositions include for example polya- 

40 mides 4/6, 6, 6/6, 1 1 , 1 2, 6/3, 6/4, 6/1 0 and 6, 1 2 as well as polyamides resulting from terephthaiic acid and/or isophtbalic 
acid and trimethyl hexamethylene diamine, polyamides resulting from adipic acid and meta xyiylene diamines, polya- 
mides resulting from adipic acid, azelaic acid and 2,2-bi5'p-aminocyc[ohexyi)propane. semi-aystallme polyamides 
resulting from combinations of terephthalic and/or isophthalic and/oi adipic acids wish hexamethylene diamine, semi- 
crystalline polyamides resulting from terephthalic and/or isophthalic acids and hexamethylene and 2-methyl pentame- 

45 thylene diamines, and polyamides resulting from t^ephthaiic add and 4,4^-diamino-dicyclohexyImethane:. Mixtures 
and/or copolymers of two or more of the foregoing polyamides or prepolymers, respectively, are also within the scope 
of the present Invention.. Preferred polyamides are the polyamides 6, 6/6, 6/10 and 4/6. most preferably polyamide 6/6. 

It is also understood that use of the term "polyamides" herein and in the appended claims is intended to irxjlude the 
toughened or super tough polyamides. Super tough polyamides or super tough nylons, as they are more commonly 

50 known, are availatrfe commercially, e g . from E I duPont under the tradename Zytel ST or may be prepared in accord- 
ance with a number of US patents, including, among others, Epstein, US. Patent 4,174,358; Novak U.S. Patent 
4.474.927; Roura, U S. Patent 4,346.194; and Joffrion, U S Patent 4,251 ,644. herein incorporated by reference. These 
super tough nylons are prepared by blending one or more polyamides with one or more polymeric or copolymeric elas- 
tpmerlc toughening agents. Suitable toughening agents are disclosed in the above-identified U.S. patents, as well as in 

55 Caywood, Jr.. U S Patent 3,884,882 and Swiger, U.S Patent 4,147,740 and Oailuccl et al , "Pr^aration and Reactions 
of Epoxy-Modified Polyethylene", J AppE. Pofy. Scl , Vol 27. pp 425-437 (1982) herein incorporated by reference. Typ- 
ically, these elastomeric polymers and copolymers may be straight chain or branched as well as graft polymers and 
copolym^s, including core-shell graft copolymers, and are characterized as having incorporated therein either by copo" 
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lymertzation or by grafting on the performed polymer, a monomer having functional and/or active or highly polar groupings 
capable of interacting with or adhering to the polyamide matrix so as to enhance the toughness of Uie polyamide polymer. 

While it Is preferred that the polyamide coinpositlons of the Instant Inveniton comprise blend of polyamides and 
polyphenylene ethers. It Is also within the scope of this Invention to include in said compositions acrylic polymers including 

5 polymethylmethacrylate, acrylonitrtle styrene copolymers, styrene-acryionitrlle-foutadiene copolymers* polyvinyl chlo- 
ride, polystyrene, butyrates. poiyaliphaUcs. polycarbonates and polyesters, cellulosic, phenolic, att^no and epoxy resins, 
it fs also within the scope of the instant invention to employ compatibilization agents in the blends Such compati- 
bilisation agents include, for instance, compounds selected from the group consisting of tetracarboxylic acids of aromatic 
and aliphatic compounds, alicyclic compounds, dlanhydrtde derivatives and halogen substituted phthalic anhydrides A 

TO more detailed description of blend compatibilization may be found In IJ.S Patent 4,826,933. the disclosure of which is 
incorporated herein by reference 

The blending ratio of polyamide to polyphenylene ether units is about 5 to about 95% by weight, preferably about 
10 to about 70% by weight of polyphenylene ether to about 90 to about 30% by weight of polyamide 

Impact modifiers for polyphenylene elher-polyamide blends are well known in the art They are typically derived 

15 from one or more monomers selecled from the group consisting of olefinSr vinyl aromatic monomers, acrylic and alky- 
[acrylic acids and their ester derivatives as well as conjugated dienes Especially preferred impact modifiers are the 
mbbery hlgh-molecular weight mafertais including nafejral and synthetic polymeric materials showing elasticity at room 
temperature They Include both homopolymers and copolymers, Including random, block, radial block, graft and core- 
shell copolymers as well as combinations thereof 

20 A particularly usefut class of impact modifiers comprises the AB(diblock) and ABA (triblock) copolymer and core- 
shell graft copolymers of alkenylaromatic and diene corripounds. especially those comprising styrene and butadiene or 
isoprene trfocks. The corijugated diene blocks may be partially or entirely hydrogenated, whereupon they may be rep- 
resented as ethyiene-propylene blocks or the like and have properties similar to those of olefin block ccpolymers Exam- 
ples of triblock copolymers of this type are polystyrene-polybutadiene-polystyrene (SBS), hydrogenated polystyrene- 

S5 polybutadiene-polystyrene (SEBS)^ polystyrene^olyisoprene-polystyrene (SIS), poly(a-methylstyren6}-polybutadiene- 
pdlyCa-methylstyrene) and poty(a-methylstyrene)-polylsoprene-poly(a'methylstyrene) Particularly preferred tnblock 
copolymers are available commercially as GARIFLEX®, KRATON D® and KRATON G® from Shell , 

Also suitable as impact modifiers are the ionomer resins, which may be wholly or partially neutralized with metal 
Ions, and the core-shell type graft copolymers In general, the latter have a predominantly conjugated diene or crosslinked 

30 acrylate ritobery core and one or more shells polymerized thereon and derived from monoatkenylaromatic and/or acrylic 
monomers alone or in combination with other vinyl monomers Included are copolymers wherein an Interpenetrating 
network of the resins employed characterizes the Interface between the core and shell, such as those available from 
General Electric Company and described in U,S Paieni 3,944,631 

Other impact modifiers include the above-described types containing units having polar groups or active functional 

55 groups, as well as miscellaneous polymers such as TTiiokol rubber, polysuifide rubben polyurethane rubber, polyether 
rubber (e g , polypropylene oxide), epichlorohydrin rubber, ethylene-propylene rubber, Ihermop^astic polyester elastom- 
ers and thermoplastic ether-ester elastomers 

Additionally, the polyamide and polyphenylene ether blends may further comprise, for Instance, functional ized 
polyphenylene ethers, poly carboxylic "acids, ester groups, epoxy groups, anhydride groups, rtfobers or any oUier con- 

40 ventional moiety employed to improve the properties of the blend 

The polymeric slloxane compound used in the present invention may be selected from the group of polysiioxane 
and siloxdne copolymers, such as polyphenylene ether or polyetherimide slloxane copolymers. The preferred polysi- 
ioxane compounds employed in the instant invention are commercialJy available and are represented by the formula IV 
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wherein each is independently a Cus Q^oup and preferably a melhyl group and is a C-i^^ atkyi group or a 
primary or secondary amino group such as a N-(2'-aminoalkyl}'3'"amjnDalkyl group, provided thai is a alkyi group 
when w is 1 and a N-{2-am!noaikyl)-3-aminoalky[ group when w is 0 It is often preferred that is a methyl group or a 
N-(2'amlno6thyi)-3-aminoprop>^ group. R3 is hydrogen or a alkyl group, preferably a methyl group. W is 0 or 1 and 
X and y are each independently an integer from 1 to 7 and z Js an integer from 0 to 7. It is noted herein that any combinatjon 
of compounds represented by formula IV may be employed 

it ts also within the scope of the invention to employ polysiloxanes represented by the formulae V and VI 
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wherein m + n has a value o1 5-2000» Vi-Vis, each independently of each other, represent a hydrogen atom or one of 
ihefoltowing groups having 1-12 carbon atoms: alkyl, alkoxy, alkenyl. ary^ araikyi, aikytaryl, which groups may be hal- 
ogenated; wherein Xi, X^. X3, each independently of each other, represent one of the foHowrng groups; alkytene. 
cycloalkylene. arylene. aralkylene, alkylarylene; wherein Zv Z3 each represent one of the following groups: - 

5 NVH>vi7..NH-(CH2)q-HV^cvi^ in which VI6 and V^'', each independenlfy of each other, represent a hydrogen atom or 
an alky^ group having 1-12 carbon atoms, q has a value from 1'10, an aliphatic or cycloaliphatic epoxide, a carboxyijc 
acid or anhydride group. Zi or Z2 is a hydrogen atom„ in which, however, the compound of formula V may not comprise 
simultaneously an amine group and an epoxide group or not simultaneousty an amino group and a carboxylic acid group, 
or not slmultaneousSy an epoxide group, and a carboxylic acid or anhydride group. 

Tc? One of the important conponents of the present invention is the boron compound Within the scope of the present 
invention organic and inorganic boron compounds may be used, the amount of the corrpounds being such that the 
boron content of the polymer composition, calculated as atomic boron, is between 0 02 and S. preferably between 0.2 
and 1 wt..%. 

Suitable boron compounds are t .a boric acid, metal borates, boron phosphate, perborates and the like More In 
75 particular prelerred are metal borates (and perborates), such alkali metal borate (sodrum, potassium etc)» alkaline earth 
borates (catcium. barium and magnesium) and transition meta! borates, such as zinc borate. Thc^e metal borates, but 
also the metal perborates, are preferably used in the anhydrous form, 

According to the invention the composition additionally may contain inorganic phosphates and/or titanium oxide. 
Examples of suitable inorganic phosphates are the alkati metal (including ammonium) phosphates, alkali metal hydrogen 
20 phosphates, alkali metal pyrcphospates and the like.. In a specifically preferred embodiment tiie boron compound and 
the inorganic phosphate may be combined in boron phosphate which gives a clearly improved flame retardant action. 
Also the use of tltaniumoxide improves the pi'opertles of the polymer conposition 

As the use of calcium sulphate has been found to improve the comparative tracking index, the use thereof in the 
compositions of the invention, preferably in amounts between 5 arKi 20 wt % of the composition is preferred. 
25 The amounts of both the phosphate compound and the titanium oxide may be selected witiirn wide ranges, each 
being preferably between 0. 1 and 20 wt % of the total of the polymer composition 

It is also noted herein that the polyamide compositions of this invention may also contain convenliona) ingredients 
such as fillers, additional flanie retardants (such as tripiperidine phosphlne oxide and magnesium or aluminum hydrox-. 
ide), pigments^ dyes» stabilizers, anti-slafic agents, crystatllzatiian aids, mold release agents and the like, as welt as 
30 resinous components not previously discussed 

Other additives that may be employed to enhance flame retardancy in the instant invention include phosphine oxides, 
such as triaryiphosphine oxides and aromatic phosphates, especially diphosphates Illustrative examples of triaiylphos- 
phrne oxides include tripheny/phosphine oxide, tritolyiphosphine ox/de, trinonylphosphine oxfde and trinaphtylphosphine 
oxide Triphenylphosphine oxide is often preferred.. The aromatic diphosphates that may be employed in this invention 
35 have the formula VII 



wherein each A and Ai are independently a substituted or unsubstituted aliphatic, aiicyclic or aromatic radical 

and Q is a covatent bond linking a carbon in each A or a bridging radical selected from the group consisting of CH2» 
50 C(CH3)2r S, SO2, C0,0 and N^^N and t is an integer from 0 to 4 A suitable example of an aromatic monophosphate is 
triphenylphosphate 

Additional additives that may be employed in the instant invention 'o enhance flame retardancy include meiamine 
cyanurate and aluminium and magnesium hydroxide Fillers such as mineral fillers may be added, such as calcium or 

barium sulphate 

55 The method for producing the blends employed in the present invention is nol particularly limited, and the conven- 
tional methods are satisfactorily employed Generally, however, melt blending methods are desirable. The time and 
temperature required for melt-blending are not particularly limited, and they can properly be determined according to 
the composition of the material The temperature varies somewhat with the blending ratio of the polyphenylene ether to 
polyamlde, but it is generally within a range of ZIO"" to SSO^C A prolonged time and/or a high shear rate is desirable for 
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mixing, but the deterioration of the resin compositton advances Consequently, the time needs to be determined taJdng 
into account these points 

Any of the melt-blending methods may be used, if it can handle a moften viscous mass The method may be applied 
in either a batchwise form or a continuous form Specifically extruders. Banbury mixers, rollers, kneaders and the liKe 
s may be employed 

The following examples illustrate the production and properties of the flame retardant polyamide/polyphenylene 
ether compositions of the instant invention 

EXAMPLES 

10 

A number of blends were prepared by tumble mixing a precompounded blend of potyphenylene ether and polyamide 
(PA) 66, with various additives, foliowed by extrusion at 290"C and granulation TTie granules were heated to 30O''C and 

molded into 16 mm UL test bars.. 

The silicone oil used in the examples consists of a blend of four polymers corresponding to formula IV in the descrip- 
75 tion (2 parts: w O: x. y z = 5; Ri = methyl. = {amlnoethyl)-3-aminopropyl; R3 = methyl. 3 parts: w 0: x. y z ^ 
5; = methyl; ^ methyl 2 parts; w 0; a = 0; x = 5, y = 5; R^ = methyl: R3 = H; 1 part: w =^ 1 ; x. y. 2 = 5: R^ 
R2 = methyl; R3 ^ methyl) 

Examples 14 and 15 are based on precompounded PA~6 blends. Examples 16 and 17 were prepared from a 
precompounded PPE/PA blend, and separately added PA. 

30 
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In the foMowing tables the compositi<K^ (in parts by weight) and the properties of the blends have been compiled 
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50 Claims 

1. Polymer composition comprising: 

a) a blend comprising at least one polyamide and at feast one poiyphenylene ether; 
55 b) at least one polymeric slloxane compound; and 

c) at least one boron compound. 
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2- Polymer composition according to claim 1, wherein the boron compound rs selected from the group consisting of 
metaJ borates, bone acid, organic boron compounds, perborates, boron phosphate and mixtures of two or more of 
these boron compounds., 

5 3„ Polymer composition acordlng to claim 2, wherein the boron compound is zinc borate and/or boron phosphate. 

4- Polymer composition according to claim 1 -3, wherein additionally at least one inorganic phosphate compound d) is 
present 

10 5- Polymer composition according to claim 1 »4. wherein the amount of polyphenylene ether in Uie poiyamide-polyphe- 
nylene ether blend is not more than 95 wt %, preferably between 10 and 70 wt.,% 

6.. Polymer composition according to claim 1 wherein the polymeric siioxane compound is selected from the group 
of polysitoxane and siioxane copolymers, such as polyphenylene ether or polyetherimide siioxane copolymers 

15 

7. Polymer composition according to claim 1 -6, wherein the amount of polymeric siioxane compound is between 0 1 
and 20. preferably between 1 and 5 wt % of the composition 

8. Polymer composition according to claim 1 -7, wherein the amount of boron compound, calculated as atomic boron, 
so is between 0 02 and 5 wt %, preferably between 0 2 and 1 0 of the composition. 

9. Polymer composition according to claim 1 -8, wherein the composition additionally contains as component e) titani« 
umoxide, or as component f) calcium sulphate or a combination of both 

ss 10., Polymer composition according to any one of the preceecfing claims^ wherein the amounts of a), b), c) and optionally 
d), e) and f) are such that the composition meets UL'94 V2 at 1 .6 mm. preferably VI or VO , 

1 1 . Use of a corrtoinatton of at least one boron compound and at least one polymeric siioxane compound for improving 
the flame resistance of polyamideiDolyphenylene ether polymer composltjons.. 
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